10-5 M adenosine-5'-methylmonophosphate (5'-AMPMe) but not after addition of-5 X 10-8 M 3':5'-cyclic IMP (cIMP) or 5 X 10-8 M 5'-AMP. As agonists of cAMP, 5'-CH2-cAMP and 5'-AMPMe have, respectively, more than 10% and 1% the chemotactic activity of -cAMP, while cIMP has 0.01% the activity of cAMP and 5-AMP is inactive up to a concentration of 10-M. cAMP-mediated cGMP formation was dependent upon cAMP concentration, with a half-maximal cAMP concentration of about 10-8 M. This cAMP concentration agrees closely with that necessary for half-maximal receptor occupation. cAMPmediated cGMP formation was independent of the presence of extracellular Ca2+; cell aggregation and chemotaxis were also independent of the presence of external Ca2+. Therefore, cAMP action does not depend on stimulation of the Ca2+ influx. cAMP was found to mediate desensitization of cAMP-dependent cGMP formation. Additon of 5 X 10-8 M cAMP to sensitive cells induced a desensitization period that lasted 1-5 min. Desensitization was dependent on the cAMP concentration. Finally, we propose that the translation of a chemotactic signal from the cell surface to pseudopod formation in Dictyostelium involves changes in the levels of cGMP. Cell aggregation in the cellular slime molds is mediated by chemotaxis (1) . cAMP is the chemotactic molecule (acrasin) in the larger species of Dictyostelium (2, 3) . In D. discoideum the input signal for chemotaxis is a spatial gradient of 3':5'-cyclic AMP (cAMP) concentration (4) measured by specific cell-surface-bound receptors (5) (6) (7) (8) . The cAMP-receptor interaction triggers the following two processes necessary for cell aggregation: (i) pseudopod formation towards the attractant source (9) and (ii) signal amplification or relay (10, 11) . Pseudopod formation is achieved within 10 sec after cAMP application (9) , while intracellular peaks of cAMP pccur at 60 sec and are followed by extracellular peaks 30 sec later (10, 12) . The chemotactic response lasts for about 100 sec (13) ; therefore, the intracellular rise in cAMP does not coincide with the beginning of the chemotactic response but with its end. In an attempt to understand the role of cyclic nucleotides during chemotaxis in Dictyostelium, we measured early changes in cyclic nucleotides associated with acrasin addition to pre-aggregative amebae of D. lacteum. * In this species cAMP is not used as attractant and there is no evidence for signal relay. Addition of the purified attractant (14) to pre-aggregative amebae of D. lacteum induces a 2-fold increase in the intracellular concentration of 3':5'-cyclic GMP (cGMP) within 10 sec without modifying the cAMP levels.* These results suggest a possible function of cGMP during the chemotactic process. In this study, changes in cGMP associated with cAMP addition have been examined in D. discoideum. Our results provide evidence that cGMP is involved in the translation of the chemotactic signal responsible for movement during cell aggregation in cAMP-sensitive and cAMP-insensitive species of Dictyostelium.
METHODS AND MATERIALS
Organism. D. discoideum NC-4(H) was used for all experiments. Cells were grown on a solid medium and harvested as described (15) .
Cell Aggregation. After harvesting, cells were suspended in cold 10 mM phosphate buffer (pH 6.0) in the presence or absence of 1 mM ethylene glycol-bis(O-aminoethyl ether)-N',N'-tetraacetic acid (EGTA) and washed twice in the same buffer. The cell suspension was adjusted to 107 cells per ml. Cell aggregation was studied by placing small drops of an amebal suspension on hydrophobic agar (15) buffered with 10 mM phosphate buffer (pH 6.0) to which 1 mM EGTA or 1 mM CaCl2 was added. The amebal drops were incubated at 22°in darkness and the appearance of aggregation centers was monitored at 1-hr intervals.
Assay for Chemotaxis. The chemotactic response of amebae to cAMP was determined as described (16) .
cGMP Measurements. Cells were harvested as described above, suspended in phosphate buffer, and starved by shaking (17 (5, 6, 19) .
To study the specificity of cGMP formation induced by cAMP, we added various nucleotides. In Fig. 2 is shown that while the addition of 5'-AMP or cIMP did not influence cGMP levels, the addition of 5'-CH2-cAMP or 5'-AMPMe induced an increase in the cGMP levels. 5'-AMP has no chemotactic activity and cIMP has 0.01% the activity of cAMP (3). As a chemotactic attractant, 5'-CH2-cAMP is slightly less active than cAMP and 5'-AMPMe has about 1% the activity of cAMP (3, 20) . The specificity of cAMP-mediated cGMP formation is similar to that of chemotaxis.
Cells washed in phosphate buffer containing 1 mM EGTA and then plated on EGTA/hydrophobic agar started to ag- gregate within the same time interval (9-10 hr) as they did in the absence of EGTA. The chemotactic sensitivity of cells on EGTA/agar plates was also in the same range (10-9-10-8 M) as in control plates. Preincubation of cells with 1 mM EGTA prior to cAMP stimulation does not affect cGMP formation (Fig. 3) . These results indicate that extracellular calcium is necessary neither for cell aggregation nor for cAMP-mediated cGMP formation.
In various systems ligand-induced cGMP accumulation depends on stimulation of the Ca2+ influx (21) . In D. discoideum cGMP elevation is independent of external Ca2+, which rules out the above model. Mason et al. (22) The costs of publication of this article were defrayed in part by the payment of page charges from funds made available to support the research which is the subject of the article. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
